A population-based study on the circulation of epidemic poliovirus during the 1992-1993 outbreak in the Netherlands was carried out in order to assess whether the virus circulated outside the group of people who reject vaccination on religious grounds and outside the area where these groups form a sociodemographically closely knit network. The prevalence of poliovirus excretion was estimated in a cross-sectional study with a random sample of 2,400 children aged 5-14 years and 3,000 adults aged 40-64 years; the sample was drawn from the municipal population registers in four regions (three inside and one outside the risk area). Fecal samples for virus isolation and characterization were submitted by mail, and a questionnaire was completed with age, sex, type and level of education, vaccination history, and religious denomination. Both a completed questionnaire and a fecal sample were received from 3,182 persons (response, 58.9%). Wild poliovirus was isolated only from children within the risk group and in the area at risk. The crude excretion rate of the epidemic poliovirus type 3 per 1,000 persons was 2.5, but it amounted to 70.7 for those belonging to Orthodox Reformed churches. The prevalence of vaccine virus excretion per 1,000 persons was 10.2 for children and 5.2 for adults. It was concluded that, during the 1992-1993 outbreak, the risk of poliomyelitis was restricted to religious subpopulations rejecting vaccination. The lack of evidence of poliovirus circulation outside these groups at risk supports the hypothesis that herd immunity is sufficiently maintained in a population vaccinated with inactivated polio vaccine. Am J Epidemiol 1996; 143:929-35. disease outbreaks; immunity; poliomyelitis; polioviruses; poliovirus vaccine Vaccination against poliomyelitis with trivalent inactivated polio vaccine is offered to all children in the Netherlands. Oral, live attenuated polio vaccine is used only for outbreak control. Polio vaccination was introduced in the national immunization program in 1957, offering vaccination to the birth cohorts from 1945 onward. Since 1962, the polio vaccine is combined with the vaccine against diphtheria, pertussis, and tetanus and is administered at 3, 4, 5, and 11 months of age and without pertussis at 4 and 9 years of age. The vaccination coverage is high; for many years,
approximately 97 percent of the children have had at least three doses at the age of 1 year (1). Nevertheless, there are groups that refuse vaccination on religious or philosophic grounds (300,000 persons). In this respect, persons belonging to specific Orthodox Reformed churches are of particular interest. They live in municipalities that are located across the country from the southwest to the northeast and have close social contacts (figure 1). Their private schools enroll children from a wide catchment area. Because of their social and geographic clustering, they are less protected by herd immunity compared with other unvaccinated persons living dispersed over the country. This was demonstrated by the local outbreaks of polio in the period [1957] [1958] [1959] [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] and by the nationwide polio epidemic in 1978, where cases of poliomyelitis were confined to those subpopulations that reject vaccination for religious reasons in the geographic region described (2) .
On September 17, 1992, a 14-year-old boy who belonged to this religious group and who was suspected of having poliomyelitis was reported to the Medical Inspectorate of Health. This was the first patient of a polio outbreak with a total of 71 cases; the last case was reported on February 19, 1993 (3) . Since 1978, no indigenous case of poliomyelitis had occurred in the Netherlands.
There was uncertainty whether poliomyelitis would be restricted to the groups at risk during the 1992-1993 epidemic. This was for the following reasons.
• This epidemic was caused by poliovirus type 3, in contrast to the outbreaks due to poliovirus type 1 that had occurred since the mid-1960s. Previous outbreaks had offered an opportunity to the unvaccinated to build up natural immunity against poliovirus type 1. This did not apply for type 3. Furthermore, it had been shown during the poliovirus type 3 epidemic in 1984 in Finland that the virus was able to circulate extensively in a population with a high vaccination coverage, even without pockets of unvaccinated persons (4).
• Vaccination with inactivated polio vaccine induces limited mucosal immunity (5) . Therefore, vaccinees may be reinfected, temporarily shed poliovirus, and thus contribute to virus circulation. The number of vaccinees in the population had increased substantially since the last epidemic in 1978.
• Cross-sectional studies on the immune status of the Dutch population in 1980 and 1985 had shown that the prevalence of neutralizing antibodies against poliovirus in persons born between 1930 and 1945 was at a lower level than in other age groups. In these cohorts, no antibodies could be measured in approximately 10 percent against type 1 and in 22-25 percent against types 2 and 3 (6).
Since information on the extent of circulation of the epidemic poliovirus became vital for outbreak control policy after one person not belonging to the traditional groups at risk was diagnosed with poliomyelitis, it was decided to assess whether the epidemic virus circulated outside the groups at risk and outside the area Am J Epidemiol Vol. 143, No. 9, 1996 where these people live. Special attention was given to persons above 40 years of age, to whom no vaccination in the national immunization program had been offered in the past and who probably had relatively little opportunity to acquire natural immunity in the nonepidemic era. The study was carried out during week 12 of the epidemic in December 1992.
MATERIALS AND METHODS
A cross-sectional study of virus excretion by children aged 5-14 years and by adults aged 40-64 years was carried out in four regions: three within the risk area from which patients had been reported (in the Rotterdam region in the municipalities Krimpen aan de Ussel and Ridderkerk, in the Zeeland region in the municipality Goes, and in the Rivierenland region in the municipalities Culemborg and Kesteren, including the village of Opheusden); and one outside the risk area (in the municipality 's-Hertogenbosch) (figure 1). The study population was selected by taking a random sample from the population registers of the municipalities involved. The primary study question concerned whether there was virus circulating among older people who possibly lacked both vaccine-induced and natural immunity. Because of the expected low excretion rate in adults and the probably higher rate in children, the study included persons aged both 40-64 years and 5-14 years because schoolchildren could provide additional information on potential transmission to the general population.
The minimum sample size was determined according to the lot quality assurance method so that, if virus was isolated in no more than two individuals in a group of 628, the rate of virus excretion would be accepted as not exceeding 1 percent (95 percent confidence level) (7) . As a response rate of 50 percent was anticipated, about 1,250 persons had to be sampled in those groups in which we expected a low excretion rate. The total sample size was 5,400 (2,400 in the age group 5-14 years and 3,000 in the age group 40-64 years), with equal numbers from the four regions; within a region, the sample was proportionately divided over the different municipalities (table 1) .
For each participant, a questionnaire and a fecal sample for virus isolation were submitted. The samples were sent by 24-hour mail, stored immediately at 4°C, and processed within a week. The questionnaire included information on age, sex, type and level of education, vaccination history, and religious denomination.
Virus isolation from fecal samples was carried out on HEp-2C cells as recommended by the World Health Organization (8) and on monkey kidney cells according to the procedure described previously (9) . Viral isolates were typed as recommended by the World Health Organization using reference typing sera prepared at our laboratory (8) . The virus isolations were carried out by five different virologic laboratories. Several known positive samples with different polio strains were added to the study samples for quality control. Poliovirus strains were intratypically differentiated at our laboratory as wild or vaccinederived strains in an enzyme immunoassay using intratype-specific cross-adsorbed rabbit antibodies as previously described (10, 11) . When equivocal results were obtained in the enzyme immunoassay for typing, 57.2 * For both age groups combined, the total sample size a 5,400; total number of respondents -3,182; percentage of respondents = 58.9. t Number of inhabitants as of January 1,1992. a polymerase chain reaction with primers specific for vaccine-derived polioviruses or for the epidemic poliovirus (12, 13) was applied to resolve the nature of the viral strain.
The data were analyzed with the Epi-Info version 5.01 software package (World Health Organization/ Centers for Diseases Control and Prevention, Atlanta, Georgia). Response rates were calculated for the different risk groups. The relations between the risk factors and excretion rates according to risk factor status were analyzed.
RESULTS
A fecal sample and a complete questionnaire were received from 3,182 persons (58.9 percent). The response rate ranged from 48.2 percent in Opheusden to 64.5 percent in Goes. The mean response rate for children was 61.1 percent, varying from 48.2 percent to 68.0 percent, and for adults, it was 57.2 percent, varying from 48.3 percent to 61.7 percent. Table 1 gives the response rates according to the place of residence and age group and includes the number of inhabitants as of January 1, 1992.
It was reported for 92.2 percent of the children and 40.4 percent of the adults that they had been vaccinated. Since vaccination had been offered to all those born after January 1, 1945, the adults were divided in two age groups accordingly: 40-46 years and 47-64 years. The vaccination levels were 60.3 percent and 28.9 percent, respectively. The percentage of the children who were reported never to have been vaccinated was 3.3 percent in Krimpen a.d. IJssel, 1.8 percent in Ridderkerk, 0.0 percent in Culemborg, 9.5 percent in Kesteren, 22.8 percent in Opheusden, 2.7 percent in Goes, and 1.6 percent in 's-Hertogenbosch. The percentage of children vaccinated during the outbreak varied between 1 percent and 3 percent, with the exception of 10 percent in Opheusden. Adults (136 of 1,715 persons) were more frequently vaccinated during the outbreak than were children (29 of 1,467 persons). With the exception of five children, all these vaccinees lived within the risk area.
Children belonging to the various Orthodox Reformed congregations had a low vaccination level; as expected, none of the subjects from 's-Hertogenbosch belonged to these congregations. The percentage of children who were reported never to have been vaccinated was 28.6 percent for those belonging to the Orthodox Reformed congregation, 62.5 percent for the Reformed congregation in the Netherlands, and 66.7 percent for the Old Reformed congregation, whereas it did not exceed 5 percent for the other religious groups. The highest percentage among these Orthodox Reformed congregations was found in Opheusden (24.3 percent), and the lowest was found in Culemborg (0.3 percent), which lies in the same region. Table 2 shows the results of virus isolation. Wild poliovirus type 3 was isolated from eight fecal samples (crude prevalence rate of 2.5 per 1,000). The isolates were obtained from children only, three girls and five boys. None had symptoms of a poliovirus infection. Two children lived in the Rotterdam region, and six lived in the Rivierenland region. Vaccine virus was isolated from 15 children and nine adults: type 1 from three, type 2 from 14, and type 3 from seven. Two adults excreted both type 1 and type 2 vaccine virus; one of them reported vaccination during the epidemic. Vaccine virus was isolated from one subject living in 's-Hertogenbosch; this was a 7-year-old boy who had received a complete series of polio vaccinations.
The prevalence rate of excretion of wild poliovirus type 3 among children is given in table 3. The rate was 70.7 per 1,000 children who belonged to Orthodox Reformed churches and 103.5 among children vaccinated during the 1992 epidemic. The frequency of vaccine virus excretion is given in table 4. The rate per 
DISCUSSION
When interpreting the results of the present study, one must take into account that the prevalence of virus excretion was assessed in week 12 of the epidemic. There was a concentration of reports from Rivierenland during the 11th and 12th weeks, indicating circulation of wild polio virus during that period in that area. Moreover, one must remember that, previously with the inactivated polio vaccine, immunized persons may be infected with the virus but excrete the virus for a much shorter period and in lower quantity than those with a primary infection (5) .
A response of almost 60 percent is satisfying; however, bias cannot be excluded since a nonresponse investigation has not been carried out. 's-Hertogenbosch was chosen as a control region, since it is located just outside the risk area. The inhabitants are predominantly Roman Catholic, and vaccination coverage is high. The participation in the control region, 's-Hertogenbosch, was better than the average of the three regions in the risk area. Inside the risk area, the response was lowest (48.2 percent) in Opheusden, the village at highest risk. Culemborg, located inside the risk area near Kesteren and Opheusden, has a high level of vaccination coverage and very few inhabitants belonging to Orthodox Reformed denominations. Thus, Culemborg can be considered more or less as an internal control. The response in Culemborg and Kes-teren, two municipalities with a very different risk profile regarding vaccination history and religion, was approximately the same.
No wild poliovirus was found outside the risk area. The eight wild poliovirus type 3 strains were all isolated from fecal samples of children. Noticeably, wild virus was isolated five times in Opheusden. Four of the five positive children attended the same school. Opheusden is a small community (5,578 inhabitants); thus, the chance of an inhabitant's being in the random sample was relatively high. Because of the low vaccination level and the recent presence of wild virus in the community as indicated by the report of three cases of poliomyelitis in the last half of November, a clustering of positive findings could be expected. Seven of the eight children excreting wild virus were Orthodox Reformed and were either not vaccinated (4) or recently vaccinated (3) during the epidemic.
The choice of the two age groups in this study was related to the outbreak control policy during the epidemic. Because of the expected natural immunity in the elderly, die offer of additional vaccination was restricted to those younger than 41 years of age. It is known now that only two cases during the epidemic were above 41 years (3) .
The efficacy of vaccine-induced or natural immunity in adults is supported by the failure to isolate wild virus in fecal samples from the 40-to 64-year-old participants, even in places where virus circulated in the younger age group. Although only an estimated 80 percent of the older persons have detectable neutralizing antibodies, challenge studies have shown that a considerable part of these seronegatives (an estimated 83 percent for type 3) appeared to have immunologic memory of previous antigenic priming and thus may be considered to be protected (6) .
It is known that persons vaccinated with the inactivated polio vaccine can excrete wild virus temporarily. The present study, however, does not provide evidence that these vaccinees contribute significantly to the circulation of the virus during an epidemic. This contrasts with the viral excretion rates of between 0 and 50 percent found in 1978 among pupils vaccinated with the inactivated polio vaccine at Orthodox Reformed schools and of 6-80 percent in unvaccinated pupils (2) .
The isolated vaccine virus strains were predominantly of type 2, the oral polio vaccine component with the best take. As expected, vaccine virus circulated predominantly in the risk area, where oral polio vaccine (trivalent) was offered to incompletely vaccinated and unvaccinated contacts of poliomyelitis patients up to the age of 41 years.
Two other investigations carried out during the outbreak equally demonstrated a lack of evidence of poliovirus circulation outside the area of communities at risk. First, all Dutch virologic laboratories were asked to report poliovirus isolations in feces sampled for reasons other than suspicion of poliomyelitis. Only once was poliovirus isolated and reported by the laboratories from a total of 2,775 fecal samples investigated (3). It was a vaccine virus type 3 isolated from an adopted child originating from Brazil. Second, sewage samples were taken from sites all over the country. No poliovirus (epidemic or vaccine) was isolated outside the risk area (3). Thus, the Dutch outbreak in 1992-1993 is not comparable with the Finnish outbreak in 1984, which was characterized by extensive spread of virus in the vaccinated population. This was due to an inadequate neutralizing antibody response induced in vaccinees, although there was also some evidence for an aberrant antigenic structure of the epidemic virus (4) . The prevalence of neutralizing antibodies to that particular strain was much lower than diat of antibodies to the Saukett strain from which the inactivated polio vaccine strain is derived (4, 14) . The neutralizing antibodies in sera of persons with vaccine-induced immunity in the Netherlands did react well with the 1992 epidemic strain; therefore, herd immunity could be relied on in the general population (3) . Whereas the Finnish epidemic was due to vaccine failure, the Dutch epidemic was due to failure to vaccinate a specific subpopulation.
In summary, the course of the 1992 outbreak in the Netherlands was quite similar to diat of the 1978 outbreak. The risk of poliomyelitis was restricted to religious subpopulations rejecting vaccination. Unvaccinated persons in the general population appeared to be protected by herd immunity and the persons above 40 years of age, by natural immunity.
